BACKGROUND: U.S. health systems, incentivized by financial penalties, are designing programs such as case management to reduce service utilization among highcost, high-need populations. The major challenge is identifying patients for whom targeted programs are most effective for achieving desired outcomes. OBJECTIVE: To evaluate a health system's outpatient complex case management (OPCM) for Medicare beneficiaries for patients overall and for high-risk patients using system-tailored taxonomy, and examine whether OPCM lowers service utilization and healthcare costs. DESIGN: Retrospective case-control study using Medicare data collected between 2012 and 2016 for Ochsner Health System. PARTICIPANTS: Super-utilizers defined as Medicare patients with at least two hospital/ED encounters within 180 days of the index date including the index event.
INTRODUCTION
With the advent of financial penalties for hospital readmissions, U.S. health systems are redesigning healthcare services for high-need, high-cost patients. Such individuals are frequently over 65 years of age, publicly insured with multiple chronic conditions and high rates of service utilization. [1] [2] [3] Several models of comprehensive care for older adults with chronic conditions have shown improvements in quality, efficiency, and/or health-related outcomes of care. 4, 5 Case management, for example, can improve patient satisfaction with care, quality of care, and quality of life. 5, 6 However, evidence regarding the impact of case management on health care utilization and cost of care is mixed. [5] [6] [7] [8] Ochsner Health System, the largest integrated delivery health system Louisiana, launched an outpatient complex case management (OPCM) pilot program in 2012 employing principles of interdisciplinary primary care and transitional care interventions to improve care coordination while reducing hospital readmissions and emergency department (ED) utilization among Medicare beneficiaries. During the 3-year pilot phase (2012) (2013) (2014) (2015) , OPCM employed a heterogeneous approach to pre-screening patients for program eligibility. The program used administrative data to run predictive risk models and review prior inpatient/emergency department (ED) use patterns. OPCM also accepted outpatient/ambulatory care team referrals.
A preliminary evaluation of OPCM pilot program impact on reduction of readmissions showed its effect was neutral. An in-depth review of program procedures revealed that case managers relied mostly on referrals from primary care physicians. Among the 8577 patients referred to OPCM, 6601 underwent full screening, 4333 were deemed program eligible, but only 2576 enrolled. Among patients who accepted enrollment, only 32% were originally screened because of prior hospital/ED utilization. Most program participants only had one-time social service needs that did not require intense case management and were not necessarily high service utilizers. Therefore, OPCM did not sufficiently capture the most relevant population to achieve the stated program objective.
These findings prompted the health system to explore more practical solutions for identifying patients real-time who would benefit the most from OPCM. Physician leaders compiled a definition of high-risk patients based on a combination of clinical knowledge and population data review to capture Bsuper-utilizers^with complex needs. Leadership determined that the factors indicating a Bhigh-risk^Medicare patients were as follows: three or more chronic conditions; two or more hospital admissions or ED visits in the prior year; polypharmacy; and a history of depression, cognitive impairment, or falls. The main objectives of this 4-year retrospective observational study are to re-evaluate Ochsner's OPCM program using the revised risk stratification taxonomy for defining high risk, and to examine whether OPCM program participants had lower service utilization and cost of care compared to program non-participants.
METHODS
Study Design, Population, and Setting. This is a retrospective case-control study using Medicare insurance claims and clinical data within the Ochsner Health System. This study included patients who (1) were adults age 18 and older; (2) had received health care services between 2012 and 2015; (3) had insurance coverage through the system's largest Medicare plans (Medicare Advantage and Medicare Shared Savings Plan [MSSP]); (4) had an index event; and (5) had been enrolled in their health plan at least 180 days prior to the index event and a minimum of 1-day health plan enrollment after the index event. An index event was defined as (1) a hospitalization, (2) an ED visit resulting in a hospitalization, or (3) an ED visit. Patients included had at least two hospital/ED encounters-the index event and additional encounter(s) within 180 days after the index date. A minimum of 1-day health plan enrollment after the index event was chosen to simulate real-world identification of patients for the OPCM program and to allow for a subsequent event to occur as early as 1-day. The primary exposure was OPCM enrollment. Cases were defined as patients accepted into the OPCM program within 90 days of their index event. Controls were defined as having a similar history of hospital/ED encounters but did not have prior or subsequent exposure to OPCM. Approval for this study was obtained through the Ochsner Institutional Review Board.
Outpatient Complex Case Management. Table 1 provides details about the program. During the start-up years, OPCM initially employed a heterogeneous approach to identifying patients eligible for services. Case managers used Medicare Hierarchical Condition Category scores; 9 McKesson Risk Manager's prospective risk scores; 10 hospital discharge 3 M severity of illness score; 11 or prior hospital/ED use patterns to identify patients at risk for being high service utilizers. Since the aforementioned risk tools relied on administrative data that was often not available real-time, case managers heavily depended on care team referrals to proactively capture patients with complex medical conditions, high service utilization, care coordination, and complex psychosocial needs.
Case managers conducted chart reviews and patient/ caregiver interviews to confirm program eligibility using a standardized checklist to assess complexity of health, service utilization in the last 6 months, disabilities, housing issues, and receipt of support services. If deemed eligible, a targeted assessment was conducted by an assigned case manager using additional checklists to further assess medical and/or psychosocial needs. Case complexity determined whether both registered nurses and social worker case managers were assigned. Services included medication reconciliation, patient education, care coordination, and conduct of complex psychosocial, or socioeconomic interventions. Follow-up assessments via clinic visits, home visits, or telephone occurred on a weekly to monthly basis depending on individual care plans.
Study Variables and Data Sources. The main study outcomes are 90-day hospital readmission and 90-day ED re-visit. The main independent variable is OPCM program enrollment. We selected 90-day readmission because the median length of time in OPCM was approximately 50 days. Secondary outcome was total cost of care. Covariates of interest included demographics (age, race, gender, insurance type, and zip code level income level), Charlson comorbidity index score, 12 and whether patients met the health system's definition of Bhigh risk.^For this analysis, BOchsner high risk^was defined as patients having (1) ≥ 3 chronic diseases; AND (2) ≥ 2 hospital admissions OR ≥ 2 emergency department visits in the prior 12 months; AND (3) ≥ 10 active medications; AND (4) one of the following diagnoses-depression (ICD-9 codes: 296.xx, 311) OR Bimpaired cognition^(292.8×; 294; 298; 300.1×; 310.8×; 315; 331.8×; 348; 431; 437; 438; 780.9×; 799.5×; 854; 907; 909; v15.8×; v58.8×) OR fall (E880-E889) in the last 12 months. All data collected between 2012 and 2016 was extracted from Ochsner's Enterprise Data Warehouse. Medical service claims data was available for all study subjects. The 4-year period permitted analysis of data 1 year prior and 1 year after the OPCM program pilot years. Zip code level household median income data was retrieved from the Uniform Data System Mapper. 13 Data Analysis. Since the stated primary outcomes are 90-day hospital/ED readmissions, the analysis was restricted to patients who had at least two events within 180 days of each other (e.g., super-utilizers).
Patient Characteristics. Descriptive statistics were performed for the entire sample. Bivariate analysis based on OPCM enrollment status was conducted with independent sample t tests or Wilcoxon rank sum tests for continuous variables as appropriate, and Pearson's chi-square tests for categorical variables.
Factors Associated with 90-Day Hospital Readmissions and ED Re-visits. Propensity score-adjusted multivariable logistic regression analysis was conducted for the primary endpoints (90-day hospital readmission and 90-day ED re-visit). The propensity score was constructed based on likelihood of receiving OPCM using clinically relevant patient characteristics (age, gender, race, insurance, income, Charlson comorbidity index score, and presence of any pre-index inpatient, ED, home health, or skilled nursing facility encounters).
14 In addition to the propensity score, the final logistic model employed to evaluate OPCM exposure incorporated covariates for patient demographics (age, gender, race, insurance, zip code level income), Charlson comorbidity index score, and Ochsner high-risk status. [14] [15] [16] Odds ratios were utilized to evaluate associations between outcomes and the model covariates. The propensity score was used solely to reduce bias and was not investigated in terms of relationship to readmission.
Multivariable Analysis of the Interaction Between OPCM Enrollment and High-risk Status. The analysis was repeated with a term added to the model to examine the interaction of BOchsner high-risk^status with OPCM enrollment. The adjusted odds of readmission were calculated for each subgroup combination of risk status and OPCM status. Pairwise comparisons were carried out via odds ratios.
OPCM Enrollment and Change in Cost of Care. A difference-in-difference (DID) analysis was conducted for membership per month costs based on OPCM exposure (change in the difference between mean OPCM and control group costs following the index event) using a linear mixed model for repeated measures. For consistency of analyses across the study, all terms from the model used for the primary outcomes were included in the cost model with the addition of terms accounting for time. These additional terms were as follows: time (pre-/postindex), the two-way interactions of time with OPCM exposure and of time with Ochsner high-risk status, and the three-way interaction of time, OPCM exposure, and Ochsner high-risk status. Within-patient correlations over time were accounted for via a random patient effect modeled with an unstructured correlation matrix. The DID statistic was constructed using adjusted means of healthcare costs from the model and evaluated via a t test.
All odds ratios (ORs) with 95% confidence intervals (CIs) and means with standard errors (SEs) are reported as fully adjusted results. Statistical significance was set at p value < 0.05 and results were adjusted for multiple comparisons using the Tukey-Kramer method when appropriate. All analyses were conducted using SAS/STAT® software, Version 9.4 of the SAS System for Windows (Cary, NC, USA).
RESULTS
Patient Characteristics. A total of 18,882 patients were eligible for inclusion in the data analysis ( Table 2 ). Most patients were female, White non-Hispanic with a median age of 75 years, and living in neighborhoods with low to medium levels of household income. Only 6% (n = 1197) of the population was identified as high risk by the health system's new definition. Under OPCM's original case identification procedures, the program only captured 16% (n = 187) of high-risk patients. More than one-third of patients had a 90-day hospital readmission. A similar rate was observed for repeat ED visits within 90 days of their index visit. Compared to OPCM nonparticipants (controls), a higher proportion of patients enrolled in OPCM were Black non-Hispanic, identified as high risk, had higher Charlson index scores, and higher overall cost of care. Eighty-three percent of controls had one of the top 40 primary discharge diagnoses seen among OPCM enrollees. Common primary discharge diagnoses among the study cohort (N = 18,882) included hypertension (56%), diabetes (23%), cardiac dysrhythmia (15%), respiratory disorder (13%), and coronary atherosclerosis (12%). The distributions of propensity scores between OPCM groups showed significant overlap, indicating good balance. Multivariable Analysis of the Interaction Between OPCM Enrollment and High-risk Status. Table 3 shows the unadjusted and adjusted odds of 90-day hospital readmission and ED revisits based on interactions between OPCM enrollment and Ochsner high-risk status. In the multivariable analysis of highrisk patients, OPCM program participants compared to controls had lower odds of 90-day hospital readmissions but this differ- 
DISCUSSION
Since Ochsner's OPCM program objective was to reduce cost of care by reducing hospital/ED utilization, it was imperative to target patients likely to receive the most benefit (e.g., superutilizers). The original approach to case identification incorporated administrative data-driven risk models-the utility of which was limited by delays in data availability. Subsequent reliance on care team referrals hampered the program's ability to capture the most relevant population to achieve the stated objective. Accordingly, Ochsner revised its risk stratification taxonomy. This retrospective data analysis found that the health system's new definition of high risk identifies patients with
90-day Hospital Readmissions (N=8819)
90-day ED Re-visits (N=18,882) Fig. 1 Factors associated with 90-day hospital readmissions and 90-day emergency department re-visits. higher odds of hospital/ED readmission within the study population. Additionally, OPCM in this population reduced 90-day hospital/ED readmissions and cost of care for high service utilizers. The relationship between each subgroup combination of risk group-OPCM exposure status and service utilization appears to suggest differential impact of complex case management depending on the risk status. Nonetheless, even though the impact of OPCM on hospital readmission was not statistically significant for high-risk patients, the direction of the association was similar to that of non-high-risk patients. Both risk groups when exposed to OPCM had lower odds of ED re-visits.
In this retrospective analysis, unlike the initial program evaluation, we restricted our analysis to patients who appeared to be hospital/ED super-utilizers because of the specific program objectives. Given the large volume of patients who met our initial criteria of super-utilizer, we further risk stratified the study population using the health system's new definition. However, under OPCM's original case identification procedures, the pilot program only captured 16% of the newly defined high-risk patients; therefore, the full impact of OCPM on reducing service utilization among high-utilizers requires further analysis. Notwithstanding, at a minimum, this study demonstrates that targeting the program to the most relevant population can yield positive outcomes.
Ochsner's revised definition of high-risk incorporates factors (multiple chronic conditions, prior high use service utilization, poly-pharmacy, mental health conditions, and/or evidence of frailty) that have already been well documented in the literature as associated with high service utilization and cost of care. Adverse clinical consequences of poly-pharmacy include adverse drug events, drug interactions, functional decline, cognitive impairment, falls, and greater healthcare costs. 17 Individuals with mental/behavioral health conditions have higher rates of using ED and home care services as well as higher healthcare expenditures. 3, 18 Impaired cognition is similarly associated with higher rates of hospitalization, use of nursing and home care services, and healthcare costs. [19] [20] [21] [22] Fall-related injuries are also very costly due to ED visits and hospitalization for fractures and head injuries. 23 Most of the aforementioned clinical factors are easily captured in electronic medical records and reduce the need to rely on risk models that use time-delayed administrative data.
This retrospective observational study has several limitations. The study reflects experience of one organization and may have limited external generalizability. The OPCM program only targeted patients enrolled in the Medicare Advantage and MSSP health plans for which the health system had shared savings and value-based contracts. The health system did not have a shared risk for pharmaceutical expenses under the MSSP contract; so, this information was not available for analysis. The medical service claims data was otherwise complete. Changes in cost of care for super-users could reflect population regression to the mean. To minimize this effect, we conducted a case-control study, employed propensity score-adjusted multivariable regression analysis, and report all results in terms of differences between the case and control groups. We acknowledge however that the OPCM program included a heterogenous group of patients. Our analyses may not have fully adjusted for inherent differences between the OPCM participants and non-participants. Finally, it is not clear which component of OPCM services explains the observed outcomes. Given the patientcentered approach to case management interventions, the scope of service provided to each patient may differ according to individual needs identified. Next steps in this research will include an in-depth examination of case management services rendered to this study's program participants including intensity, modes of contact, and types of case management (medical, social, or combination). This additional information will help further clarify which intervention components are associated with better outcomes.
An important lesson learned from this study is that programs targeting high-need, high-cost patients must critically assess alignment of program objectives with identification of the population at risk. Ochsner Health System's revised risk stratification taxonomy incorporates evidence-based measures of vulnerability/frailty to tailor case management as a costsaving intervention to reduce service utilization for a specific population. We demonstrated that complex outpatient case management can reduce hospital/ED readmission and cost of care when the most relevant patient population is targeted. Given the current mixed evidence regarding the impact of case management on outcomes of care, future studies must further examine which intervention components drive improvements in outcomes among specific populations. 
